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Description 
[DRIVING METHOD OF PIXEL ARRAY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93106803, filed on March 15, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a drivingmethod 
of liquid crystal display (LCD). More particularly, the 
present invention relates to a drivingmethod of LCD hav- 
ing high aperture ratio and high stability of displaying 
gray scale picture. 

[0004] Description of Related Art 

[0005] | n general, conventional liquid crystal display (LCD) may 
be classified into passive LCD and active LCD according to 
the driving method thereof. For example, the LCD pro- 
vided for conventional mobile phone is generally a passive 
LCD. The conventional passive LCD has the disadvantage 



of low image, residual shadowing, low contrast and low re- 
sponse speed due to the coupling of the capacitor gener- 
ated in the passive LCD. In addition, the structure of the 
passive LCD is more complex than that of the active LCD 
since the passive LCD is driven by multiplex driving pro- 
cess. Therefore, for a passive LCD, to achieve high resolu- 
tion, high definition, and full-color is difficult. However, 
since the cost for manufacturing a passive LCD is low, the 
passive LCD is generally provided for low stage display 
device. 

[0006] Alternatively, an active LCD is generally provided forthe 
thin film transistor (TFT) LCD display device of notebook 
or monitor. In general, the disadvantage of the passive 
LCD described above is improvedin the active LCD, there- 
fore the image quality and the resolution of the active LCD 
is much better than that of the passive LCD. An important 
improvement made to the active LCD is that TFT is pro- 
vided as a switching device for controlling the rotation 
and the direction of the liquid crystal molecule. FIG. 1 
schematically illustrates a driving circuit of a conventional 
thin film transistor (TFT). Referring to FIG. 1, the driving 
circuit includes a data line 103, a gate line 105, a thin film 
transistor (TFT) 107, a liquid crystal capacitor 109and a 



storage capacitor 111. First of all, application ofa voltage 
to each pixel of the liquid crystal molecule in the LCD will 
be described in the following. In an active LCD, each pixel 
has a TFT 107. The gate of the TFT 107 is connected to a 
horizontal gate line such asthe gate line 105 shown in FIG. 
1. The source of the TFT 107 is connected to a vertical- 
data line such as the data line 103 shown in FIG. 1. The 
drain is connected to a pixel electrode. It is noted that, 
the source and the drain can be applied with the voltages 
of the data line and the pixel electrode respectively. When 
the active LCD is operated, the voltagesdescribed above 
do not remain at a constant level but is repeatedly 
changed in a range of voltage acceptable for the liquid 
crystal molecule. 
[0007] Hereinafter, the operation method of the LCD will be de- 
scribed. First of all, a gate line 105 is activated to turn on 
all the thin film transistorsconnected to the gate line 105 
such as the TFT 107. Next, a corresponding data signal 
for charging the pixel electrode to an applicable voltage is 
provided via the data line 103. Thereafter,the TFT 107 is 
turned off until the gate line 105 is activated subse- 
quently. In the meanwhile, the charge is stored in the liq- 
uid crystal capacitor 109. Then, the next gate line is acti- 



vated for writing the corresponding data signal to the thin 
film transistorsconnected to the next gate line. After all 
the data of the whole frame is written via all the gate lines 
of the frame gradually. The foremost gate line is activated 
again to write the signal. Therefore, the cross talk be- 
tween each pixel is reduced by the simple driving method 
described above. It is noted that the imaging quality of 
the LCD is mainly dependent on the electrical characteris- 
tics of the TFT such as the turn-off current, the driving 
current, the parasitic capacitance and the switching speed 
of the TFT. 

[0008] The storage capacitor 11 lis provided for storing the 

charge. However.the storage capacitor can also reduce the 
coupling effect of the voltages appliedto the liquid crystal 
molecule, i.e., the differential voltages between each pixel 
electrode and the common pixel electrode. When the TFT 
is turned off, the pixel electrode is not applied with any 
voltage, i.e., floated. However, at this moment, any varia- 
tion of voltage around the pixel electrode will be coupled 
to the pixel electrode via the parasitic capacitance, and 
thus the voltage level of the pixel electrode is changed. 
Therefore, the voltage applied to the liquid crystal 
molecule is influenced. It is noted that an increase in the 



storage capacitor can reduce the coupling effect between 
the voltages. However, since at least one pixel electrode 
of the two pixel electrodes of thestorage capacitor is 
composed of non-transparent metal, the larger the ca- 
pacitance of the storage capacitor, larger the area of the 
storage capacitor is. Therefore, the transparent portion of 
each pixel is reduced, and thus the total light emitting ef- 
ficiency of the LCD is reduced. Therefore, in order to en- 
hance the aperture ratio of the LCD, the source/drain re- 
gion of the LCD is generally manufactured by full self 
alignment process to reduce the parasitic capacitance and 
the size of the storage capacitor. 
[0009] Hereinafter, the driving device will be described. FIG. 2 

schematically illustratesa conventional driving device of a 
TFT array using 3N*ldriving method. Referring to FIG. 2, 
the driving device includes pixel G222 for displaying 
green color, pixel B225for displaying blue color, pixel 
R227for displaying red color, and coupling capacitance 
201, 203, 205, 207, 209, 211, 213, 215, 217 and 219 of 
each pixel. In the 3N*ldriving method, the polarity distri- 
bution of the voltagesof the pixel electrodesof the gate 
lines in the same horizontal line is 

+ ++ — + ++ — + ++ — .... In other words, the polarity of 



the voltages of the pixel electrodes are changed every 
three pixels due to the three primary colors, green, blue 
and red. It is noted that, in the 3N*ldriving method de- 
scribed above, although the possibility of generation of 
the traverse electric field is reduced, however, the bright- 
ness of the frame is not uniform due to the following rea- 
sons. 

[0010] Referring to FIG. 2, forthe pixel G222, since the polarity of 
voltages of two adjacent data linesare the same, there is 
no traverse electric field between the two data lines, and 
thus the aperture ratio is high. However, since the cou- 
pling capacitance 205 and 207 may be coupled and an 
adding effect of the two coupling capacitance is gener- 
ated, the cross talk therebetween is enhanced. The effect 
described above may also be generated in the pixel R227. 

[0011] Referring to FIG. 2, for the pixel B225, since the polarity 
of voltages of the two adjacent data linesare different, an 
subtracting effect of the coupling capacitance 209 and 
211 is generated corresponding to the pixel B between 
the two adjacent data lines, and thus the cross talk there- 
between is reduced. 

[° 012 ] In summary, in the three pixel of the same frame, the 

brightness of the pixel B225 is not the same as that of the 



pixels G222 and R222, therefore the image displayed by 
the panel is not uniform. Accordingly, although the 
3N*ldriving method can increase the aperture ratio, how- 
ever, the displayed image of the frame is not uniform. 
Summary of Invention 

[0013] Therefore, the present invention is directed to a driving 
method of pixel array having high aperture ratio and high 
stability ofdisplaying of gray scale picture. 

[0014] According to an embodiment of the present invention, a 
driving method of a pixel array is provided. At least one 
row of the pixel array comprises a plurality of pixel sets, 
and at least one of the pixel sets comprises a plurality of 
pixels. The driving method comprises, for example but 
not limited to, the following steps. First of all, a plurality 
of voltages having substantially same phase are provided 
to a plurality of pixel electrodes of the pixels of one of the 
pixel sets. And at least two voltages having a phase sub- 
stantially opposite to each other are provided to the pixel 
electrodes of the pixels of two of the adjacent pixel sets 
respectively. Next, two adjacent pixels in two of the pixel 
sets are respectively driven by asingle gate line. And a 
first pixel in one of the pixel set and another pixel in an 
adjacent column of the first pixel are driven by a single 



gate line, wherein a phase of a voltage of a pixel electrode 
of the first pixel and a phase of a voltage of a pixel elec- 
trode of the other pixel are substantially different. 

[0015] | n one embodiment of the invention, each of the pixel set 
comprises three pixels. In another embodiment of the in- 
vention, a number of the pixels of each of the pixel set is 
3*M, wherein M is a positive integer. 

[0016] in one embodiment of the invention, another pixel is dis- 
posed in an adjacent row of the first pixel. 

[0017] in addition, according to an embodimentof the present in- 
vention, each row of the pixel arraycomprises at least one 
pixel set, and at least one of the pixel set comprises a 
plurality of pixels. In addition, each pixel set correspond- 
sto a data line set having a same pixel number with the 
pixel set. The driving method comprises, for example but 
not limited to, the following steps. First of all, whether or 
not a prior data line and a recent data line belong to the 
same data line is determined. When the prior data line and 
the recent data line do not belong to the same data line 
set, the recent data line is used to drive the pixel disposed 
after the pixel driven by the prior data line. Alternatively, 
when the prior data line and the recent data line belong to 
the same data line set, the recent data line is used to drive 



one of the pixel disposed in a row apart from the pixel 
driven by the prior data line. 

[0018] | n one embodiment of the invention, each of the pixel set 
comprises three pixels. In another embodiment of the in- 
vention, a number of the pixels of each of the pixel set is 
3*M, wherein M is a positive integer. 

[0019] Accordingly, in the driving method according to an em- 
bodiment of thepresent invention, since the phases of the 
voltages of the pixels at both sides of the data line are 
different, thus a substantial subtracting effect will be gen- 
erated to the coupling capacitance generated in the pix- 
els. Therefore, the cross talk is reduced. Furthermore, 
when the amount of cross talk of the green pixel G, blue 
pixel Band red pixel R are all the same, the brightness 
uniformity of the image frame and the stability of display- 
ing the gray scale picture are enhanced. In addition, if the 
phase of the voltage distribution of the pixel electrodes of 
the pixels in the same horizontal line comprises the dis- 
tribution + ++ — + ++ — + ++ — , the ratio of traverse 
electric field is reduced and the aperture ratio is en- 
hanced. 

[0020] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 



plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0021] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. 

[0022] FIG. 1 schematically illustrates a driving circuit of a con- 
ventional thin film transistor (TFT). 

[0023] FIG. 2 schematically illustratesa conventional driving de- 
vice of a TFT array using 3N*ldriving method. 

[0024] FIG. 3 schematically illustrates a driving circuit of a pixel 
array for a driving method according to one embodiment 
of the present invention. 

[0025] FIG. 4 schematically illustrates a flow chart of the driving 
method of the pixel array according one embodiment of 
the present invention. 

[0026] FIG. 5 schematically illustrates a circuit diagram used by 
the driving method of the pixel array according to one 
embodiment of the present invention. 
Detailed Description 



[0027] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0028] it is noted that the embodiments of the driving method of 
the invention described hereinafter comprises TFT LCD. 
However, in another embodiment of the invention, the 
driving method of the invention is suitable for any kind of 
array type display device. 

[0029] | n one embodiment of the invention, the TFT LCD com- 
prises, for example but not limited to, TFT array sub- 
strate, color filter array substrate and liquid crystal layer. 
The TFT array substrate comprises, for example, a plural- 
ity of array arranged thin film transistors and the pixels 
corresponding to the thin film transistors. Each pixel 
comprises two pixel electrodes, wherein one of the pixel 
electrode is electrically connected to a common voltage, 



and the other pixel electrode is connect to a data line. The 
electrical connection between the other pixel electrode 
and the data line is controlled by the thin film transistor. 
[0030] The thin film transistor described above comprises a gate, 
a drain and a source, and the thin film transistor is 
adopted as the switching component of the liquid crystal 
displaying unit. Each pixel may be controlled by four thin 
film transistors. The TFT LCD described above is generally 
called an active LCD since the update frequency of image 
data is high. In the active LCD, the contrast of image is 
excellent andthe blurred image of the frame is reduced. 
Presently, the active LCD is the LCD display device with 
the best image quality, however, the cost of the active 
LCD is high. In general, the image quality of the TFT LCD 
is dependent on the aperture ratio and the stability of dis- 
playing a gray scale picture. The aperture ratio is defined 
as the transmittanceratio of the LCD panel, i.e., the ratio 
between the effective transmittance of the light from the 
LCD panel and the light trapped in the LCD panel. The 
higher the aperture ratio of the LCD panel is, higher the 
brightness and lower the power consumption of the LCD 
panel is. Moreover, the stability of displaying of a gray 
scale picture is referred to continuous display of a frame 



from full black to full white. The stability of displaying of a 
gray scale picture is proportional to the continuity of the 
variation of the gray scale of the image picture. It is noted 
that the stability is dependent on the voltage applied to 
the thin film transistor. 

[0031] FIG. 3 schematically illustrates a driving circuit of a pixel 
array for a driving method according to one embodiment 
of the present invention. Referring to FIG. 3, the pixel ar- 
ray 30comprises, for example but not limited to, a plural- 
ity of data lines 306 to 324, a plurality of gate lines 327 to 
333, a plurality of pixels 340 to 366, and a plurality of 
passing circuits 370 to 396. The passing circuits 370 to 
396 is used to apply the voltage of the data lines 306 to 
324 to the pixels 340 to 366 according to the voltage of 
the gate lines 327 to 333 respectively. For example, in 
one embodiment of the TFT LCD of the invention, the 
passing circuits 370 to 396 arecomprised of thin film 
transistors. The gate lines 327 to 333 are connected to 
the gate of the thin film transistors, and the data lines 
306 to 324/the pixel electrode of the pixels 340 to 366 
are electrically connected to the source/drain of the thin 
film transistors respectively. 

[0032] | n addition, in one embodiment of the invention, the dis- 



tribution of the voltage of the pixel electrode correspond- 
ing to the driving method may be described referring to 
FIG. 2. It is noted that, when the voltage of the data lines 
306 to 324 isinterlaced by the positive and negative volt- 
ages, it is preferable toobtain the same voltage distribu- 
tion of the pixel electrodes of the pixels shown in FIG. 2to 
reduce the cross talk, to maintainthe uniformity of the 
brightness and to achieve the stability of a gray scale pic- 
ture. In addition, the voltage distribution of the pixel elec- 
trodescan alsoreduce the ratio of the traverse electric field 
and enhance the aperture ratio. Therefore, the pixels 340 
to 366 are divided into a plurality of sets, wherein the 
voltage of the pixel electrode of each pixel comprises the 
voltage having substantially the same phase (for example, 
substantially the same positive or negative phase). In ad- 
dition, the voltage of the pixel electrode between every 
adjacent pixels comprise the voltage with a phase sub- 
stantially oppositeto each other (for example, one voltage 
has a positive phase and the other voltage has negative 
phase). Therefore, in the present embodiment, the voltage 
distribution of the pixel electrodes 

+ ++ — + ++ — + ++ — ...as shown in FIG. 2 can be pro- 
vided in the driving method of the invention. It is noted 



that, in the passing circuits 370 to 396, the pixel array 30 
is designed to use the same gate line (for example, gate 
line 330) to drive two adjacent pixels disposed at the in- 
tersection of two pixel sets, wherein the two pixels belong 
to the two pixels respectively. In addition, a gate line is 
used to drive a first pixel disposed in one pixel setand an- 
other pixel disposed in the adjacent column of the first 
pixel that has avoltage of the pixel electrodes with sub- 
stantially different phase. 

[0033] | n one embodiment of the invention, the pixels 340 to 
344 is referred to as a first pixel set, the pixels 346 to 
350 is referred to as a second pixel set, the pixels 354 to 
358 is referred to as a third pixel set and the pixels 360 
to 364 is referred to as a fourth pixel set. Thus, a first 
voltage having substantially the same phase (for example, 
a voltage with positive phase) is used to drive the pixel 
electrode of each pixel of the first pixel set and the fourth 
pixel set. In addition, a second voltage havinga voltage 
substantially having a phase opposite compared to the 
first voltage (for example, a voltage with negative phase) 
is used to drive the pixel electrode of each pixel of the 
second pixel set and the third pixel set. 

[0034] when the interlacedpositive and negative voltages are ap- 



plied as the voltage of the data lines 306 to 324, for ex- 
ample but not limited to, if the voltage is applied starting 
from the data line 306 is +-+-+-+-, the voltage of the 
data lines 306 to 324 must be applied to the pixels re- 
quiring the corresponding voltage under the control of the 
gate lines 330. In one embodiment of the present inven- 
tion, in order to simplify the design of the circuit, two ad- 
jacent column of pixelsincluding, for example but not 
limited to, the first column including the gate lines 
327and 330and the second column of including the gate 
lines 330and 333 are used in the design of the passing 
circuit. Therefore, the positive voltage of the data line 306 
is applied to the pixel electrode of the pixel 340via the 
passing circuit 370 controlled by the gate line 330, and 
thus the voltage applied to the pixel electrode of the pixel 
340 is a positive voltage. Next, the voltage of the data line 
309 can not be applied to the pixel electrode of the pixel 
340 since the voltage of the data line 309 is negative as 
the voltage required by the pixel 340 is positive. Alterna- 
tively, the negative voltage of the data line 309 is applied 
to the pixel electrode of the pixel 356 adjacent to the 
pixel 342 at the same column as the voltage required by 
the pixel 356 is negative. 



[0035] Next, the positive voltage of the data line 312 will be ap- 
plied to the pixel electrode of the last pixel of the first 
pixel set (i.e., the pixel 344) asthe voltage of the pixel 
electrode of the pixel 340 is the same as that of the data 
line 306. For the first pixel 346 of the second pixel set 
adjacent to the first pixel set,since the voltage of the pixel 
electrode of the pixel 346 is supposedly negative voltage, 
thus the negative voltage of the data line 315can be di- 
rectly applied to the pixel 346 via the passing circuit 376. 
Similarly, the pixels 348 to 366 can be driven by the same 
driving method of the present invention. 

[0036] | n summary, after the pixels are divided into a plurality of 
pixel sets, a voltage having substantially same phase is 
adopted to a pixel electrode of the pixel of the same pixel 
set. And at least two voltages with phases substantially 
oppositeto each other are applied to the pixel electrodes 
of the pixels of two of the adjacent pixel sets respectively. 
In addition, two adjacent pixels in two of the pixel sets are 
respectively driven by the same gate line. And a first pixel 
in one of the pixel set and another pixel in an adjacent 
column of the first pixel are also driven by a same gate 
line, wherein a phase of a voltage of a pixel electrode of 
the first pixel and a phase of a voltage of a pixel electrode 



of the other pixel are substantially different. 

[0037] | n one embodiment of the invention, in order to simplify 
the design of the circuit and achieve the circuit repro- 
ducibility, each pixel set can comprises the same pixels. In 
another embodiment of the invention, if the number of 
pixels of each pixel set is 3or M times of 3 (wherein M is a 
positive integer), then each pixel set can comprise pixels 
having colors of red R, green C, and blue B. Therefore, the 
color distribution of the image of the frame is balanced. In 
another embodiment of the invention, the number of pix- 
els of each pixel set is not fixed and can be decided ac- 
cording to the requirement of the circuit. 

[0038] FIG. 4 schematically illustrates a flow chart of the driving 
method of the pixel array according one embodiment of 
the present invention. Referring to FIG. 4, first of all, the 
pixels in the pixel array is divided into a plurality of pixel 
sets according to the row of he pixels. In one embodiment 
of the invention, the pixels can be divided intothe pixel 
sets shown in FIG. 3. However, the embodiments de- 
scribed above can not be used to limit the scope of the 
invention. In the invention, the pixels disposed in the 
same row may or may not be divided into the same pixel 
set. Furthermore, at step 400, the data lines connected to 



the pixels are also divided into a plurality of data line sets 
corresponding to the pixel sets. It is noted that, the divi- 
sion of the data lines may be a division in the logic of the 
circuit, and may not be the division in the circuit. 

[0039] At step 402, after the division of sets, in the operation of 
the driving method, the relationship between a recent 
data line controlled recently and aprior data line disposed 
prior to the recent data line must be verified. At step 404, 
if the recent data line and the prior data line belong to the 
same data line set, the data applied to the recent data line 
will be used to drive the pixel in a different row with the 
pixel driven by the prior data line. Alternatively, at step 
406, if the recent data line and the prior data line do not 
belong to the same data line set, the data applied to the 
recent data line is used to drive the pixel disposed after 
the pixel driven by the prior data line. 

[0040] FIG. 5 schematically illustrates a circuit diagram used by 
the driving method of the pixel array according to one 
embodiment of the present invention. Referring to FIG. 5, 
for example but not limited to, the first pixel set is com- 
posed of the pixels 540and 542, and the second pixel set 
is composed of the pixels 544 to 548. Therefore, the cor- 
responding data lines 506and 509 is referred as the first 



data line set, and the data lines 512 to 518 are referred as 
the second data line set. According to the process steps 
shown in FIG. 4, first of all, the data line 506 is used to 
drive the pixel 540. Then, the pixel driven by the data line 
509 will be verified. Since the data line 509 (referred to as 
the recent data line)and the data line 506 (referred to as 
the prior data line) are belong to the same data line set, 
the data line 509 must be used to drive the pixel not be- 
long to the first pixel set (in the circuit shown in FIG. 5, to 
drive the pixel 552). Furthermore, the pixel driven by the 
data line 512 will be verified. Since the data line 512 
(referred to as the recent data line)and the data line 509 
(referred to as the prior data line) do not belong to the 
same data line set, the data line 512 will be used to drive 
the pixel 554 since the pixel 554 is disposed after the 
pixel driven by the prior data line. 
[0041] | t j S noted that, in the embodiments described above, al- 
though the passing circuits 370 to 396 and 570 to 578 
are provided, however, the passing circuits may also com- 
prise pixels, wherein the phase of the voltage applied to 
the pixels will change according a corresponding control 
signal. 

[0042] | n the present invention, in order to increase the bright- 



ness and to reduce the power consumption of the LCD, 
the size of the thin film transistor (TFT) may be reduced 
and the aperture ratio may be increased. It is noted that, 
an increase in the mobility of the carrier can increase the 
driving current of the thin film transistor, therefore, the 
driving current of the small size thin film transistor is 
maintained. In addition, an increase in the aperture ratio 
can be achieved by reducing the parasitic capacitance, the 
overlap capacitance and the storage capacitance byform- 
ing the source/drain region via a full self alignment pro- 
cess. It is noted that the reduction of the brightness of the 
LCD may be caused by the hysteresis effect generated by 
the capacitor of the LCD. 
[0043] Accordingly, in the driving method of the present inven- 
tion, since the phases of the voltages of the pixels at both 
sides of the data line are different, thus a substantial sub- 
tracting effect will be generated to the coupling capaci- 
tance generated in the pixels. Therefore, the cross talk is 
reduced. Furthermore, when the amount of cross talk of 
the green pixel G, blue pixel Band red pixel R are all the 
same, the brightness uniformity of the image frame and 
the stability of displaying the gray scale picture are en- 
hanced. In addition, if the phase of the voltage distribu- 



tion of the pixel electrodes of the pixels in the same hori- 
zontal line comprises the distribution 
+ ++ — + ++ — + ++ — , the ratio of traverse electric 
field is reduced and the aperture ratio is enhanced. 
[0044] | t W j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



